Paddy is one of major crops grown in China. Fractal dimension is an important parameter used to describe geometrical characteristics of many natural objects. The objective of this study is to investigate mathematical relationships between the fractal dimension and the yield of the paddy spike based on the fractal theory and the image processing technologies. The color images of paddy spikes were taken with a digital camera, then they were transacted to the gray using image processing. Fractal dimensions of the spikes were computed using the Box-Counting Method based on the gray images. The results indicate that there is a significant linear relationship between the fractal dimension and the yield.
INTRODUCTION
The fractal theory, brought forward by Mandelbrot who is considered as the father of fractal, has found wide applications in areas ranging from material science, geology, power technology to micro-electronic (Biswas et al., 1998; Valdez et al., 1998) , as well as in areas of Agricultural Engineering (Li Yan et al., 2000; Liu Taoju et al., 2002; Zhang Shirong et al., 2002; Ren Xianzhong et al., 2005) . Simple objects can be described by ideal shape primitives, such as cubes, cones, and cylinders. But most of the natural objects are so complex and erratic that they cannot be described in terms of simple primitives (Kenneth, 1991) . On the other hand, the essence of fractal is self-similarity, and the concept of self-similarity seems to play an important role in the description of nature.
Paddy is one of major crops grown in China. LiuTaoju (Liu Taoju et al., 2002) considered that paddy spikes have the self-similarity, which is the primary characteristics of the fractal geometry and they base it simulating the rice morphology with fractal theory. Currently, the further researches on fractal characteristic of paddy spike, such as Fractal Dimension (FD) and the relationship between FD and yield, have been not reported.
In this paper, fractal analyses of paddy spikes and measurement of FD of paddy spikes based on the Box-Counting Method are presented; The correlativity between FD and the yields of paddy spikes and a mathematical model for estimating the yields using FD are also discussed.
BOX-COUNTING METHOD(BCM)
Fractal Dimension (FD) can be defined in many ways, in which, the Hausdorff Dimension, the Self-similarity Dimension and the Box-counting Dimension are the leading definition. By comparison, the Box-counting Dimension is easier in mathematical computation and measurement, therefore it was widely used (Chaudhuri et al., 1995; Biswas et al., 1998; Cheng Kunjie, 2005; Ren Xianzhong et al., 2005; Wan Yaonan et al., 2006; Zhang Tao et al., 2006) . In the research, it is also used to measure the FD of paddy spikes.
Box-counting Dimension can be explained as follows. If X is a bounded set in Euclidean n-space. And it is the union of N ( X ) e distinct (no overlapping) copies of itself, each of which is similar to X and scaled down by a ratio e . Then fractal dimension D of X can be derived from the following equation when the limit in the equation exists, 
It is difficult to compute the parameter D directly using Eq.(1). An approximate method was used extensively in many literatures. Just as its name implies, our work is counting the numbers of the boxes. There is a digital image with M M pixels, in which the target information is contained and it could be divided into boxes with r ŕ pixels, where / 2 1 M r ?
, and r is an integral number. Then we count the boxes in which portions of the target information are contained. Let N( r ) be the total number of countable boxes, an array of r N(r ) - 
It indicates that the target information possesses fractal characteristics.
In practice the Eq.(2) could be transformed into a logarithmic form, i.e.,
With that, according to the array of r N(r ) -data obtained above, a plot of 1 log( r ) versus log( N( r )) could be drawn in a log-log grid.
Afterwards, a fitted straight line can be got with the method of least squares. Then the slope of the line is the Box-Counting Dimension.
MATERIAL AND METHOD

Material and Equipments
Digital Camera-Olympus U400D(DC), Constant Illuminating Source Box(CISB), Electronic Weighing Scale-JY12001(EWS) are the Hardware and equipments used in the experiments. The Software used are VC++ and MATLAB6.0.
The paddy species is Sujing-45, it was grown in the Jiangpu Experimental Farm of Nanjing Agricultural University ,Jiangsu Province of China which is 38.78 E. 27 paddy spikes picked up randomly from the field with visible difference in yields are weighed with the EWS and pictured in the CISB with a black velvet background using the DC. When picturing, each spike was positioned just as it was in the original field. Each image is of sides 512 512 pixels (Fig. 2) .
3.2
Digital Image Processing Fig.1 Source image of paddy Fig.2 Grayscale image of paddy
The source color images ( Fig.1) were converted to grayscale images ( 
Fractal Dimension Measurement
In the binary images such as the Fig.3 , the part of paddy spike is white (where pixel value equals 1), whereas the background is black (where pixel value equals 0).
Divide the binary image into boxes sides r ŕ , avoiding the singularity where 1 216 r < and r is an integer. Dimension of the paddy spike, i.e., the slope of the fitted straight line could be obtained, which is noted as DBC.
EXPERIMENTAL RESULTS AND DISCUSSION
A scatter plot of 1 log( r ) versus log( N( r )) of the image (for example the sample 1) is shown in Fig.4 . Table 1 . Runbing, 2001 ) function of MATLAB6.0, the residuals of regression were plotted as shown in Fig.5 . From the figure, it 
MODEL CHECKING
To check the adequacy of the mathematical model which describes the relationship between FD and the yield of each paddy spikes, 20 spikes of same species were collected as a checking specimen. Calculated values getting from the model and real values were plotted in Fig.7 , and the error distribution of the model checking was shown in Fig.8 . It is also shown in the plot of error distribution that 80% of errors in the specimen are limited in 20%. Further investigation shows that when the yield of all, single spikes in specimen is higher than 5g, the maximum error is 24.57%, and 93% of errors in the specimen are limited in 20%.
CONCLUSION
From the investigation on fractal properties of paddy spikes and the analyses of the relationship between the yields of paddy spikes and their fractal dimensions, the following conclusions can be drawn.
(1)The paddy spikes bear fractal characteristic.
(2)The correlation relationship between the FDs and the spike yields is significant and it can be described as: 21 7397 27 6951 BC y . D . = -(7) (3)Although the accuracy of the model is not very satisfactory, the reserch on the FDs and estimating yields of paddy spikes should be helpful for the further study in relevant domain.
